Introduction
Vitiligo is an acquired depigmentation disorder of the skin characterized by absence of functional melanocytes. It affects approximately 0.5-2% of the world's population and impairs the patients' quality of life [1, 2] . The exact pathogenesis of vitiligo remains unknown; however, many potential theories have been proposed, including autoimmune, neural, genetic, melanocytorrhagy, and reactive oxygen species model hypotheses [3] . Among these, the autoimmune hypothesis is currently most widely accepted because of the frequent occurrence of other concomitant autoimmune diseases [4, 5] and the presence of circulating autoantibodies against pigment cells [6, 7] . Several genetic epidemiological studies have also demonstrated that genetic factors play an important role in the pathogenesis of vitiligo [8, 9] .
The inherited nature of vitiligo and its frequent association with autoimmune diseases have prompted numerous studies on the association of vitiligo with human leukocyte antigens (HLAs), especially with HLA-A [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . However, the results of these studies are controversial due to distinct ethnic populations, small sample sizes, and different research methods. With the development of molecular biology, genome-wide association studies have been successful in identifying susceptibility loci of vitiligo. Some authors have found that vitiligo is associated with HLA-A locus in Caucasians and the Japanese [27, 28] . A previous metaanalysis suggested that HLA-A2 was significantly associated with vitiligo [29] , but the quality and strength of evidence were limited by the number of included studies. Moreover, newly published studies showed no association between vitiligo and HLA-A2 [10, 11, 13, 14] . HLA: human leukocyte antigen, Number: number of subjects, NCs: normal controls, LCT: lymphocytotoxicity test, PCR-SSP: polymerase chain reaction sequence-specific primers, PCR-SSO: polymerase chain reaction sequence-specific oligonucleotides, and PCR-SSOP: polymerase chain reaction sequence-specific oligonucleotide probes. : total number of subjects, : positive number of subjects, OR: odds ratio, CI: confidence interval, article number: total number of the articles relevant to the association between vitiligo and HLA-A alleles, r: random effects model, and the others: fixed effects model. Therefore, the objective of this meta-analysis was to systematically evaluate the association between vitiligo and HLA-A.
Methods

Search Strategy.
Four electronic databases, PubMed, Embase, Web of Science, and Chinese National Knowledge Infrastructure (CNKI), were searched to screen all the casecontrol studies on the association between vitiligo and HLA, using free text and the Medical Subject Headings (MeSH) terms "vitiligo," "human leukocyte antigen," "HLA," "major histocompatibility complex," and "MHC." The search period was from the start of each database up to February 2016, and articles were published in either English or Chinese. Moreover, reference lists from the retrieved articles were checked manually for additional studies.
Criteria for Inclusion and Exclusion.
Studies were included if they met the following criteria: (1) primary studies exploring the association between vitiligo and HLA-A; (2) case-control design; (3) studies with full-text articles; (4) studies presenting sufficient data for calculating odds ratios (ORs); and (5) serological and molecular methods used for HLA-A typing. Exclusion criteria were as follows: (1) no original research (reviews, abstracts, editorials, case reports, and nonresearch letters); (2) studies without control subjects; (3) incomplete raw data; and (4) duplicate articles or reused data.
Data Extraction and Quality Assessment.
Two investigators (Zhangjun Li and Jianwen Ren) independently extracted data from all eligible studies. Any disagreements were resolved by discussion and consensus with a third investigator (Shengxiang Xiao). The following data were recorded: first : total number of subjects, : positive number of subjects, OR: odds ratio, CI: confidence interval, article number: total number of the articles relevant to the association between vitiligo and HLA-A alleles, r: random effects model, and the others: fixed effects model.
author, publication year, study design, country, ethnicity, characteristics of study population, numbers of cases and controls, typing methods, frequencies of HLA-A alleles, and study quality.
The methodological quality of included studies was assessed using the criteria proposed by Chalmers et al. [30] , which consists of three major aspects: selection of subjects, comparability between groups, and outcome presented. The selected studies were rated on an ordinal star scoring scale from one to nine, with scores of five or more stars representing high quality [31] .
Statistical Analysis.
The chi-square and Fisher's exact tests were applied to compare the frequencies of HLA-A alleles in patients with vitiligo and controls to confirm the associated alleles, with significance set at < 0.05. Metaanalysis of the association between HLA-A alleles and vitiligo was performed using two different approaches: a fixed effects model and a random effects model. Heterogeneity among studies was evaluated through the chi-square test and 2 statistic, and < 0.10 or 2 > 50% was considered statistically significant. The pooled ORs and 95% confidence intervals (CIs) were calculated using either the random effects model when heterogeneity was confirmed or the fixed effects model when heterogeneity was absent. The test for overall effect was conducted using -scores, with significance set at < 0.05. Subgroup analyses were conducted according to ethnicity, clinical type, and typing methods. Sensitivity was analyzed by omitting each study at each step to assess whether any single study had a significant influence on the pooled OR. Finally, publication bias was assessed by Begg's funnel plots and Egger's linear regression test, and the significance level was set at < 0.05. All statistical analyses were performed using SPSS software (version 19.0; SPSS Institute, Chicago, USA) and STATA software (version 12.0; Stata Corporation, College Station, TX, USA). All tests were two-sided.
Results
Literature Search.
Initially, a total of 1158 records were identified through database searches. After removing duplicates and screening titles and abstracts, 98 full-text articles were reviewed and 18 studies [10-23, 25, 26, 32, 33] finally met the inclusion criteria. One additional study [24] was identified from a review of the reference lists. Altogether, 19 case-control studies were included in this meta-analysis. The procedure of literature search and study selection is shown in Figure 1 .
Study Characteristics.
The main characteristics of the included studies are summarized in Table 1 . These 19 studies comprised 3042 patients with vitiligo and 5614 controls. Twelve studies [10-17, 19, 22, 24, 32] were conducted in Asians, four [18, 20, 21, 23] were performed in Europeans, two [26, 33] were investigated in Americans, and the remaining one [25] was carried out in mixed populations. HLA-A typing methods such as lymphocytotoxicity test (LCT) [11, 13, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] , polymerase chain reaction sequence-specific oligonucleotides (PCR-SSO) [33] , PCR sequence-specific oligonucleotide probes (PCR-SSOP) [32] , and PCR sequence-specific primers (PCR-SSP) [10, 12, 14] were reported in the studies. In total, 33 HLA-A alleles were involved. The results of the chisquare and Fisher's exact tests indicated that 18 alleles were associated with vitiligo and 31 were unassociated. Sixteen alleles were disputed. According to the quality assessment criteria [30, 31] , all the 19 studies [10-26, 32, 33] were of high quality with scores between five and nine stars.
Association between Vitiligo and Human Leukocyte Antigen-A.
The general information on the association of vitiligo with HLA-A is given in (Figure 2) , and the heterogeneity was significant ( 2 = 61.7%, = 0.001). The rest 28 alleles were not associated with vitiligo, of which HLA-A * 01 and A * 03 were each involved in more than 10 studies. The pooled ORs calculated with the random effects model were 0.95 (95% CI: 0.66-1.35, = 0.761) and 1.45 (95% CI: 0.99-2.13, = 0.056), respectively (Figures 3 and  4 ). Significant heterogeneity among the studies was found ( 2 = 55.8%, = 0.012, and 2 = 51.3%, = 0.024, resp.). with increased risk of vitiligo, and one (HLA-A * 10) was associated with decreased risk. The other 26 alleles were not associated.
Subgroup Analysis according to Ethnicity.
Twelve with nonsegmental vitiligo, three (HLA-A * 02, A * 03, and A * 33) were significantly associated with increased risk of nonsegmental vitiligo and one (HLA-A * 19) was associated with decreased risk. The remaining 22 alleles were not associated with nonsegmental vitiligo. Of the seven HLA-A alleles reported in cases of segmental vitiligo, two (HLA-A * 02 and A * 03) were significantly associated with increased risk of segmental vitiligo and the remaining five were not associated.
Subgroup Analysis according to Clinical Type.
Seven alleles (HLA-A * 01, A * 02, A * 03, A * 09, A * 10, A * 11, and A * 28) were common to both types of vitiligo. Moreover, all of them were consistent in their association with vitiligo. Table 5 indicates the results of subgroup analysis based on typing methods. Two kinds of HLA-A typing methods were involved: serological methods (LCT) and molecular methods (PCR-SSO, PCR-SSOP, and PCR-SSP * 03 were reported in more than 10 studies and were therefore chosen for sensitivity analysis and assessment of publication bias. As shown in Figure 5 , sensitivity analyses indicated that no single study substantially influenced the pooled ORs qualitatively (data not shown). Begg's funnel plots and Egger's test were performed to assess publication bias. No obvious publication bias was found in the results (HLA-A * 01, A * 02, and A * 03: = 0.566, 0.749, and 0.160, resp.) ( Figure 6 ).
Subgroup Analysis according to Typing Methods.
Discussion
In the present study, we performed a meta-analysis to comprehensively evaluate the association between vitiligo and 33 HLA-A alleles. Nineteen case-control studies [10-26, 32, 33] with a total of 3042 vitiligo cases and 5614 controls were finally identified from four databases and reference review. Overall, three alleles (HLA-A * 02, A * 33, and Aw * 31) were significantly associated with increased risk of vitiligo, while two (HLA-A * 09 and Aw * 19) were associated with decreased risk. The association between HLA-A * 02 and vitiligo was consistent with the results of Liu et al. [29] . In addition, the remaining 28 alleles were not associated with vitiligo.
There were 12 alleles common to three ethnicities (Asians, Europeans, and Americans), seven alleles common to both types of vitiligo (nonsegmental and segmental), and 19 alleles common to both typing methods (serological and molecular). In the subgroup analysis by ethnicity, the association of six alleles was consistent in three populations, while that , and A * 28) was consistent in both types of vitiligo. It suggests that the association between vitiligo and these alleles may be independent of clinical type. However, we should interpret this association with great caution because only two studies [16, 24] presented relevant data on segmental vitiligo and were included in this meta-analysis. HLA-A typing is critical for the accuracy of test results. In the 19 studies of this meta-analysis, serological and molecular methods were involved, and the latter had higher resolution than the former. In the subgroup analysis by typing methods, the association of five alleles (HLA-A * 02, A * 03, A * 31, A * 36, and Aw * 19) was inconsistent in both typing methods. It suggests that the association of vitiligo with these five alleles may vary in terms of typing methods.
Among the 33 HLA-A alleles in the current meta-analysis, only three alleles (HLA-A * 01, A * 02, and A * 03) were reported in more than 10 studies. There was obvious heterogeneity among the studies for each allele, which might be caused by the differences in ethnicity, clinical type, and typing methods. However, sensitivity analyses indicated that the results for these three alleles were statistically reliable, and no publication bias was found based on the funnel plot analyses and Egger's tests. The association between the remaining 30 alleles and vitiligo needs to be further studied.
This study has some limitations. First, the meta-analysis only included published studies. Second, vitiligo may be influenced by not only genetic factors but also environmental factors. The results of the meta-analysis should be interpreted cautiously owing to the lack of available data regarding vitiligo development and its relationship with genetic and environmental factors. Further studies may assess the possible gene-environment interactions in the association. Third, the relatively small samples of some HLA-A alleles limited the statistical power. Finally, we were not able to perform subgroup for each HLA-A allele due to the limited number of eligible studies, which might have affected the results. Therefore, more studies with larger sample sizes focusing on each HLA-A allele are needed to confirm these findings. Despite the limitations listed above, this study still has some strength. To the best of our knowledge, this is the first metaanalysis evaluating the association between vitiligo and a number of HLA-A alleles.
Conclusion
In summary, this meta-analysis suggests that HLA-A * 02, A * 33, and Aw * 31 are associated with increased risk of vitiligo, while HLA-A * 09 and Aw * 19 are associated with decreased risk of vitiligo. Moreover, the association of some alleles varies in terms of ethnicity and typing methods. However, further well-designed studies with larger sample sizes are still needed to confirm our findings. 
